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Tlhore will always be sharting and landing, but aerodynamical
ig limited, unless somebody insists to reach
ony place on earth in less than 40 minutes. It 1s within

¢ of future flying speeds for which the con-
ventionzl zerodynanicist feels his responsibility for opti-
win shape of alrcraft et steady state flight. With respect

S0 tihis, khis wvery c.n territory, the aerodynamicist may ask:
aerodyrnamic process, starting with

rotional aecrodynanics early this century and
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loodinsleross  the sound barrier and further tie across the
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heal Lewrlicr, S ale cnother turn i lth anothi to-cvaluation

o

of all ersericnces when the ionzzatioa barrier of the air is
brolen? Cr can we finish our job on earth without it 2 "

I7. Zzmefite of Ionization

Conc--derine that a2ir behind & front shock of an aircraft

¢d below a Kach number of 18,
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or ¢von with addlsives of slizaline metals, not earlier than a
llach nuzber of 12, the importance of the last minute change to
A :;:nétof_uiddynamics can easily be ‘minimized. On the
other hond there are at least two great expectations for
mapnesofluiddynamics: (1) Since magnetoflulddynamics is being

developed for handling hot matter, plasmas, with temperatures
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a & at millions of degrees, it should be the very tool to
7% acainst its own mantle of hot air, which
iz £till a major srcilem after break@pg the heat barrler by

otloslaon. (2) Zloesric switching is obvilously superior and,



servo motors, even nore direct than any

cevice to change the alrcraft shape for variable

conaitions. Therelore, the saftey engineer shpuld be on our

By

ound it.

zwecn, spoilers, end flaps can be substi-

rnagnetic reacticns between the alrcraft and the

tvhich malzes the ionization
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consider, as dn zdded obligation to

about the ¢~ .imum shape

in the wing for vision or a machine gun;

waencver . necds a plastic bubble on the conopy for orienta-
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the latier case we

antenna shaped as a -Christmas tree in
metal. As soon as the mantle of of lonized
craft at a Mach number above 15 or 18,
¢if in a Faraday cage and its radio
unlcatlon blacks out. In many cases the life of the
ends on communication at all times. Thfis, we

very nature of air at high speeds, at another

ionized state of the air and

awvay from it, or to conquer is by breaking the ionic

take part in all the benefits

ol il by magnctofluiddynamics for the electrically conduc-
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(L) r ablishment of communication in order to obtain the

[¢]

c)
-
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benefits of magnetofluiddynamics free of penalties

(2) Help In curing the lHeadaches left after breaking the
zound and keat barrier; heat shielding, supersonic

boon, and boundary-layer control

(3) Yew concepts of 1lift and drag creation, power generation,

thrust, control, etec,

To reestablish radio communication while the aircraft
ras surrounded itself with ionized air is mandatory for many
unmanned and manned reentry applications. It is not surprising
that the proposals to achieve this goal range from applica- .

tion of brute force to rather ingenious methods. Since the

2

)

¥

& -
igl
—

speed motion is causing the trouble in an oripginally un-

ionized air, the serodynamicist may be called upon first to
cure Iit,

L Tlat bottom behind a sharp leading edge would provide

en openinz toward the earth for radio communication. It is

'I
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only nct very promissing to.maintalin any edge - let us say

by o combination of different ablating materials similar to
the achisvement of the edge on non dripping wax candles =-
zince it 28 already the best ablation material available which
Torms Hlunt noses &t these high Nach quﬁbers. Another method

iz bo masnitain en ablating antenna ahead of the nose by pushing

i% continuously foreward like the welding rod in a blow torch,



. more sophisticated method is the ejection of halogens
cr electrii-negative compounds., Nagative lons, being heavier,
have a much reduced mobility compared with free electrons.
However, this process, if at all possible, would reestablish
icetion by spoiling the chances of magnetofluiddy-
nanics simultanuously. lagnetofluiddynamics prefers the oppo-
site effect accomplished by ejections of alkaline metals or
electro-positive compounds. It can, of course, be imagined
»2ft bely or wing as a separator between
;as towerd the earth for better communica-
tion, and e¢lecticons of 2llaline metals toward the sky for
ctter l.ilvirns. Thowgh this dlcl ejecticon appears Zar fetched.
renious method 1s the proposed application of

rasnet.e Jindows. Thwe umagnetic field is able to do for the

Magnetofluiddynamics has become popular as a tool to harness
stomic ensrgy by creating controlled fusion at a temperature
of severol millions of degrees. If there 1s any hope for
this tysc of development, <t would seem that the heat profem
coused by reentering vehicles coming from outerspace and

4

whioh has %ho coiivnlenit of only several ten thausends of



rees is childs play in comparison. There are, however,
substantial differences in the two flow regimes While the
;

L gres ofe akyqxc
fonization Im=ck is high in the atomlic case, the ionization

17221 Is extremely low at reentry. It almost seems that
nooure is not quite fair to the aeronautical problem by
ccueing communication troubles at lower ionization as is
reguired for perticipatiz” on the benefits. Such complaint
torow of a temporary situation rather than
the sbtatement of a permancnt fact. Comparing this transient
regica with the transonic speed range of accumulated diffi-
enty of hope that the gap will narrow or
even disgopear vaile btechnology is being improved.

taen couplete shielding by magnetic deflection of the air

Gres of

chead of thne body appears impossible at the given low???niza-
Tion Z.. 2% of the air, ablaéion of the body nose may still
ce the icit resott. lievertheless the ablation rate could be
inllicenced by apnlication of magnetic drag added to the me-
Ze (Tne optimum solution of a greater class of
sermissible variations cannot be worsé,than the qptimum so-

“

ution of the restricted class completely inside the other one)

}._.J

in gemerzl the magnetic drag has the same overall tendency

&s ras tae drag by viscosity, namely to return the friction



conservation with the minimum of book keeping, and the total
enthalpy, or,in less exact terms, the total temperature of
11 streamlines stays constant in such an arrangement. While
vthere is a2 second law of thermodynamics predicting equaliza-
tion of the actmal temperatures if there is no compensation,
there is no similar law for the dydfif€ total temperature,
moreover there 1is plehty of compensation wherever drag is
created, il such were needed. It 1s, therifore, necessary
To Investigate more closely the existing exceptions and
to develop methods to enlarge them.

Generally when the designing engineer needs familiarity
with the smaller details of a phenomenon which, in its bulk,

is not in his favor, the problem coises to adapt delicate

infToriations to the engineering language. Cumbersome rela-
tiocns have to be presented in the most helpfull coordinates.
In this connection I am always reminded of the work of R,
lcllicr who created two engineering diagrams, one for the

3

comprossible flow, his enthalpy-entropy-diagram, and the

other one for binafy nixtures, his enthalpy-composition-
cizgrzm. In contrast to other diagrams, his gﬁbhical repre-
sentations suggest sutomatically the right answers. There-
fore these "thinking® diagrams played an important role in

clearing the air, the first one in breaking the sound barrier,

£tz second one in breaking the heat barrier by ablation.



There should be more "thinking" diagrams when we want to

brealk the imnic barrier.

VI. llagnetic Torces in Plasmas of Low Ionization Levels.
]

L) Misalignments by velocity dependent forces.
en P

The primery taslz, to create large magnetic forces in
/-’.,/7-» 5L /_/ .
plasmas of very low/icnizaticon =ulles 1s studied in the

ed to many puzzling results.

}-

iast couple of years and has
Useally the characteristics of electric and magnetic flelds
have a familiar ring to the eerodynamicist, but there are

& Xl l.alizlF preaomena who do not enjoy the benefit of such

& prececdsnts One of these phenomena is the pseudo-individuasli-
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hile it appears almost possible to
a

. . . v o
treat ¢ magnetic line as being/substancégjfto grab and to
Zoll, e creation of an electric field can allow it to
. . ! s
sli: -~way and to be substitutel by another magnetic line.

Tnhis effect is really the Einstein Relativity of magnetic

fleics, substituting velocity by electric field components.

e i3 @ wajor science for the art to bottle and duct
wlacags, The troubles and their cure by creating classes
cr woznstic lines essentially different from their neighbors

is wore atbt home at Dlas;as of ccmplete ionization than at
< el /'r*(,gé P’

The dectric conductlvity, or nore specifically its reci-
crocol vzlue, the electric resistivity, has a very close

conztlon Yo the vizcosity of fluids. It even enters the



=7

/"

&}
(@]
i
[¢)
[
.._I
’...J
(¢
0,
:1
S
J
(D
O
m
A
d
(@]
,._J
l
é
r
@
H
e
o}
Q@
B
W
o
pve
'..J
|
ct
np
()
/]
3]
=1
[
o]
O
4]
[N
]

tion that is held by viscosity in the flow Reynoldsnumber.
Both c¢f them are responsible for the dissipation of energy.
Tezvertheless, the two properties seem these days to diverge
in the light of the Ceneralized Chm's Law. At least with all
the generalizstions of viscosity apblied for many purposes,

thers never was 2 roason to generalize viscosity in such a

monner that the szrincinle axes of shear stress and shear
stroin In isotropic 1lguids and gases are not aligned,

The corresponiing wisalignement between electric field and
electric current coccurs by the veloclty dependent forces of
ggnetlic Tields on cherged particles. There certainly are
volocity ceiendent forces Mmown in mechanics. The well known

Coriolis fcorce in rotating coordinate systems is ix such a

. - , e , ~ / )
close »claticn to the magnetic forceg on charges, that il

Chierelors, Ls that aerodynamicists have to. learn new featu-~
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nductivity only because they have not done
thelr own ho“evor“ when 1t was time for it.
[ SE RPN,

fae seandard example to explain fluid viscosity for gases

Tigure 1, There is no speed limitation

“n the custemary derivation of shear stress by regarding the
erchnnze of particles in neighborin ing layers under the random
movion according to their temperabtires. Changing to principle
iz, nowever, large shear stresses Eﬁv at limitedfas pressure

Z-- Zrom wall to wall can malz the lowest principle pressure

oo fiom pressure to tension, for which there is no place
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in gases at all., Collisions can push, not pull. This so-
callcd "cavitation danger" in the Couette flow is a result
of the complete alignement of the principle axes for stress
and strain, though there is a rotation of all fluid elements
with the angular velocity &/=V/2h (V velocity difference
of the parallel motion of the walls, h wall distance).
Figufe 1l shows, that a misalignement of the principle axes
of about 15 degrees would eliminate the negative pressurs
according to Mohr's tension diagram as indicated.

B. Electron Xotion

Coming back to the electrical problem, it is possible to
represent the influence of the magnetic field on the electric
current in_gases by a simple transformation of the case with-
out magnetic field(figure %ﬁ Since the side forces caused by
the magnetic field are linearly depen@eﬁt upon the velocity
of the charged particles, the problem of interaction can
best be presented in velocity coordinates (Hodégraph). On
account that figures preferently demonstrate two-dimensional
relations, the velocity plane may be chosen perpendicular to
the magnetic field pointing into the plane. In other words,
the magnetic field has only a positive z’componentiwhile the
velocity plane is parallel to the x,y-plane of a x,y,z-space.
It i; the effect of thé presence of the magnetic field B,
that wvolocities achlieved under acceleration by an electric
ield stars bending a}ound and finally complete a circle in
Iz vzloclty coorcinates vhose center 1s the actual or appa-

v

ron’s Arift speed of the magnetic field - E/B. It is under-




srtandchle that according to the frustrating advance on &
circle in stead of a straight line the resulting veloclty
is vastly reduced. The total deviation from the beginning is
wzsirieted o /3. To introduce statistical avemages the
conventicnal simplification of using one typical collision

g Tt is more correct for small disturbence

;—/vbc/&(/.hy// l

velooltion -{the cass of largs magnstlc fields;- to use

(rcelabion to,
cocoliicicon orobalilivy in/time lndependenu of the velccity
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Cfumloace - don't hit us, we hit you - this probability

Lazoipbion leads to an expomential distribution of the popu-
uV’V
Tizion <z different states according to figure 3. It has

she rere advantage, besides being correct for small distur~

honce valoclities,

y

that its population center 1s identical
with itz collizion center. (The assumption of constant life
puts the collision ceanter at full life span, the pcpulstion

<

snter at —..¥ life span and reguires more attentlon to put
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or 3 on the proper places.) If, now, the straight
acceleration,mmder the action of the electric field alone,

1s weopped around the circle representing the change by the

Q

LLEn

s of the magnetic field, the population center is
no% a voint on the circumference of the circle but a point
inside tﬁa ¢circle. The exact position 1is easily integrable
with the help of complex numbers. The result is given in

fioore 4 for a verlety of popolation centers assumed on the-
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ne. Tre locus inside the circle is the semi-

cimels oves the initial radius, old and new positions are
) \_:x:____{ﬁiaf A o CYDSQ
oo the some vy Zo. s tas pu~”;;=cs;;gvau‘;' e drift velo-
&
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city of the magnetic lines - E/B. The transformation from

&/
= . : S
the point/without magnetic Interference to the p01nf7§1th

;ne*ié Interference 1s, therefore, given by "reciprocal
calling the length E/3 Munity". If the ordinary
Com's law gave an clectron velocity Av, without any
maghetic Ticld, tho expected velocity with a magnetic field
present is thex given by LAv  as indicated in figure 5. But

it 1is even nossible to call the vector directly with the

tive chargee in the veluuelement of space n, both number den-
sities c.e equel in Diasmas by their definition as a basically

neutre mixturse. By the well knovn convention is the electric

4

currenv ozposite to the movement of the electrons. The ordi-
ary viscosity O, in sbsence of o magnetic field can be used,
trlc fields E as velocity vectors in the
come cocrcinates, as equal to the current density j or its
veloclty value vhen divided by the charge density e n. The

=~

tuo sealing factors (e n) and §

o ére the only informations

reouirsd to emble 2ll information in the same coordinates,
etion le, of course, equivalent fHg

tc ths couations (1) or abbreviated (2) of the analytic treat-

wre < indicates a visible reduction in the actnil
currcont Censity as compared to the expected cne without any

gnesie incorlorence, Since large forces are the aim of
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creation of 1lift treated by the authors theoretically and
experimentally. Inside the circular cross section of the
magnetic £ield B by the flow of ionized gas an induced
sric fleld perpendicular to the velocity V is created
which tries to promato currents j in72blique direction,
The Xirchhoff condition that currents do not exist but
closzd, makes the full problem a little more difficult
than the one shorit circuited around the magnetic field.

Thme two-dimensional problem of currents outside a circle
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188 the external region is equiva-
lent the iniernal reglon. Thus the closing outside without
magnetic interference affords again the Ohm portion of the
electric field inside. The total induced electric field is,
therefore, achieved by accepting once the Hall component
EVA;Z but doubling the Ohm component Eo parallel to j.
The voluze forces f= jxB are only created inside the magne-
tic field and have a smaller angle between their direction
end the cdirection of the final flow velocity V. By applying
stronger magnetic fields, any acute angle between f and V
can, hovever, be achleved. The drag component has to pay

for both the internal and the external creation of ohmi¢C

Lizat; both parts consist according to the quoted equivalence

th

- - i -
of an ecual amount.

D. Lift by Hall Effect and Shape

o engineer, worth his salt, would ever leave this problem

g

states It hurts to pay for unnecessary heat, even
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soever. He
znetlc portion

e. There 1is no

y the circular shape
tion of the
an elliptical cross
tio a/b= 2:1.

g the currents is
losses are only

parallel to the

ernal losses if Wecvrrim
1
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e cilllzo iz Turmod Lround, iceds To & circele with

ThE lInown BolnUs, moil and double the inbternal valhe/
/

TLrnlni Uil Lhe Lliioters Proporiicnality between the

c.octric Tigld wnd e flow velcclity at a given

Lonllocd

the corthogonality

of the two vectors

locus for all necessary flight

inteornal current density 1s again

“daty ..UJ.

the

vector V. The

for given veloci-

tlon, Lz, of course, the reciprocal relatlion to the plotted
TRverSal
CL.os ol Lolliovt wveleelties for given forces, This &lllo-
ol lollusness o & cIriain degree the propor cholce
D0 o Trie Doints ferog) kism 1i12%, b) high drag, c¢) low
e e el e el..woClil ToLaunlons on circles
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fer a pencil of rays is elementary geometry. It is, there-
fore, not hard to find the four points %di on both of the
circles

L. Drag by Hall Iffect and Shape.

The example of high drag for reentry applicaﬁions is repre-
sented in figure 7 on another ellipse with the axés ratio
e/b=4:1. Added to the actual example are the high drag

oints on both the induced electric field clrcle and the

g

4y

light velocity circle for all axjs ratios 1, 2, 4, and oo.

Vhile at the assumed magnetic field intensity and the resul-

v

ting tilt between internal elctric fleld and current even

Tz axis ratio 4:1 never underbids the internal field strength
Bl L.:f fo g™

E~wrd.druu\almo:u underlines the experience x=43 untilted

aN i
©ield to current relations, that the external closing 1s an
g aas e R '

additiornal burdeng, [the case of infinite axis ratio demon-

trates that here are different conditions. The—soge—of

o =2 ol LemeiioTTes “bne necessary induced field
L\
< /the component parallel to the current vector j. The
' ' OW:M

Hall co“ponent is saved. Similar.not qulte so forfinabe
cavings can be mede by high finite axis ratios or larger
original angles between electric field and current. The

. e . . .
result is that a ceri&in outside field is quite welcome.
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. Noce Cone Electrically Isolated Versus Conductive.

The practical implications of the lessons/learned by in-

vestizeting ellipticzl shapes for the magnetlc reglon, are

cient depiih. In figure 8 the primary induction field EIND
perpendicular to the ocncomaing flow veloclty V has no diffi-
culty to close its favorite current,since both the return
through the skin and the closing after one turn around the
body is frece of any elternal burden. Thus the internal

1 consuries just the induced Tield and its
eality. The volume forces £= jXB
omponent for drag, using the
other component for a torgue. Both components have to be
vayed by onmic heat aé;;_t the product drag times velocity.
igure 9 the rsturn path of the current is blocked.

The original current, with its longitudinal componen@,creates
b

ecause of this blockage,till the resulting

{
clectric field is satisfied with a current in circumferential
direction only. The electric field of the space charge ESP )
Gor il
o077 -5 the originally inducid field E__ add to a total
IND
Ticld,to which the circumferactial current is now the favo-

-~ healthy Yo @il about the apparent.velocity of the



plasma with respect to the magnetic lines, which would create
the total field E,. plus ESP. The answer 1s &evelocityywith
2 certain circumferential component added. Since the flow
cannot twist around in this menner, the magnetic lines.cquld
do the circumferenitizl part by spinning like a lefthanded
cring the two extremes of high conductivity

o

and zero conductivity of the nose skin,as pictured in the
/
ficures & znd O and adding some finite conductivitles to
(%] h .
change f£rom cne to the other, it is unavoldable to see,

-

lines have a tendency to spin. The'tar7ae

;o .l.20is either taken over completely by the back
Wi T/)
straps of the electric currents L their force IXB in

“f/“’[@_c_f.‘ie’_é_/
the megnetic Tield, or thej}begin to spin s===slcsds under
load. Cnly the extreme case of o back straps brings the
ki,c‘%ﬁ/‘l'\&d\ brepeiley,

mernetic lines to the fo-erzd/condition of no load

[}
in figzure 9. The south pole S inside the nose does not
wt tha twisting of its tufs of magnetic lines.
The spinning of the magnetic lines 1s proper application
tic relativity. The reality of this movement

’f/relativity and we are fortunate that the .

T to now, the elsctrons e considerezithe only group
of nerticles not going with the other crowd. Stromger mag-
neslc fields can also separate the positive ions from the

ss betwesen colliisions. Qualitatively every-
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ing 1s similer to the former case of electronzgvement. The

)
o
H
3
[«
=
to
2
(e}

f course, reversed, and the mass is about 55 000
tlues heavier (take X0~ as the most probable constituent for

positive loms in air). The result for ions in a gas of low

Cezree of icnizatiol puts the upver semicircle in figure 10
~nogporation for bhe positive current J.. while the current

of electrons j_ in thiz lower scmicircle is probably close

to the end of 1ts journey. The conductivity has to be broken
up in the poros §.and & ,with a ratio not quite as high as
1 : 55 0CCL, Lut rather near the square root of this value

1 : 240 as an order of magnitude reminder. The anlytical

Lot lio—
treaticat of equation (1) and symbolic in¥(2) can be gene-

ralized symbolic/ in equation (5) and spelled out in egha-

In vae process of giving the enigineer not only the puzzling

Tealures of the mcgnetvic interference but reliable representa=-

Q

tionz, I have to ask for poetic licence with respect to the
superposition of the negative and the positive charge move-
mentl The first separation from the crowd creates a binary
mixture, the second separation a ternery mixture, no matter
whd geperates first., While in a binary mixture one friction
coefficient governs all relative motions, in the ternary

mixiuvre are not two/but three friction coefficients needed.

nly the case of one bulll crowd with traces of two other

ingecdicnts gets uwway with two important friction coefficients.
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Even in this case of very low mixture ratios there is-a danger
to confuse the mass ratlio of the two ingredients 1 : 55 0§0
with the friction ratio 1 : 240, the common population

center and the common collision center etc. My apology for
nezlecting the philosophy of ternary mixtures for the sake

of simplicity in this paper mayfi be born out of my own work

in mixstures. The simplified and widely used representation

restores, of course, parity in case of positive and negative

3 -
\'" *'/,y/-"‘ L'Lé

ions of egual mass and/cross sectlon automatically.

VVhen the electron movement by itself did not cost more
onmic heat for the actual current, the adding of ion move-
ment or ion slip is costlﬁ. The parallel component of the
electric field with respect to,the current 1s too large.

The extra heat in the second tefm of equation (7) is posi-
tive and equals the force f;rjx’B multiplied with the velo-
city distance of the’friction center of the total current‘f
from the origin - the friction center cuts the vector in the
ratio<T;/ &, - these two vectors are parallel and Indicate
the friction loss to carry along the bulk of neytrals.

The maxicmum value of the conductivit§ , which 1s available

if the Hall component is treated in the best possible way,

is reduced with respect to 65 by a term containing the

-2
square of the magnetic field normal to the currenty-&m'

T
>
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Ze The D.Co Accelerator.
To demonstrate the value of a representation containing
not only the resulting current j but also its parts j_
end j.,. , the example of the jX B or the D.C accelerator
is given in figure 13. All relations are in an oblique
fashion and the Cesigning engineer has to find his way through
them, having only the exact value of the magnetic field g¥
strength os an acdditional variable not visible in figure 13.
Rotating figure 12 to a favorable position can do just
cne ol several choices. If the application of two long.
electrodes 1is the choice, the resulting force and the :
CUrremtv /s
currents arc tilted. If the @§33555557ﬁféA closed through
the wires on the outside applying multiple sets of electro-
des, the side movement of the positive ions can be avoided
as in the presented case of no "electrolysis™. The accele-
ration force is still tilted, but the bulk of the neutrals
can develop a small pressure differential bebween both
wails to compensate for that. The conservation of the po-
sitive ionsQ€;Z%7iong accelerator lengph could indeed be

Ao

the most important point of view, if thé??are made by @
X% “

slo%?adjusting equilibrild or by seeding with foreign

additives. The purpose of the diagram is to leave the

decision to the completely informed designer.
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VII o Conclusion

In conclusion I like to come back to the basic question
oﬁ\aerodynamic applications, what are the chances of magneto-
fluiddynamlcs to provide adequate forces between the aircraft
and the surrounding mantle of ionized air. While in reentry
drag and heat have. to be weighted against each other, there
still is a request of a minimum force. Since flight speed
V is given,the other factors are conductivity Cg and the
square of the magnetic field B2. These four factors détermine
the drag per unit volume, while the aerodynamic forces are
per unit of area and ﬁhe dynamic pressure V2 times the air
censity ¢ or one half of i@rto be conventional., While in
the zerodynamical case every single factor counts, the
nagnetofluiddynamical case is quite exceptional. An infinite
concuctivity would not solve the problem.neither an infinite
magrctic field.

If the conductivity is large, the induced currents add
their own magnetic field to the given magnetic field and
co it/according to Lenz's rule of inductioq’by diminishing
the effect. Hall, as is demonstrated in the chaptgFffﬁélu-
¢ing the 1lon slip, does not give the magnetic field an un-
i1imited influence. The usefull, generalized conductivity.
- 2

U, of equation (9) finally diminishes inverse to B

PosAe SN

cnd stops the growth of the forée by the other factor B2.

Zoth Lenz and Hall have to be observed and show that the

A~
W

3

-
02

ucecessful increase 1s on the smaller of two terms
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"in the denominator of equation (18) or (19). If the conduc-
tivity is superior, the Lenz limit of tle magnetlc fileld
strength becomes dominant. If the magnétic‘field is superior,
the Hall limit makes itself felt. On this limit the charged
particles ‘are almost stopped bfy the magnetic field,emd Exe
drag forces cofrespond fio the“filter friction’on the neutrals
by thé#égggEégé}charged particles,

Practically we are only at one tenth of the condiictivity
and one tenth of the magnetic fileld strength where these
‘effects come into play. There is still ample of IHBFEFEAEAL
slack fdr future improvement. If both variables gain a factor
ten, the magnetic forces are a hundered times larger than
the aerodynamical forces in similar dimensions. The main
point,that I like to cenvey, is the fact that the possibili-
ties depend to greaf extend on skill, to find new twists and
tricks in these misaligned relations. The §§§;§é555;§§é;¥b
of rigid mathematlcal proffs i1s the designing engineer,
who accomplishes the"impossible®by simply violating the
assumptions of the pfoof. For him I have high hopes in

breaking the ionic barrier.
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